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The effect of rheumatoid arthritis and functional loading on the structure of the mandibular 
condyle in a transgenic mouse model: An FTIR study 
 3 
Structured abstract 
Objective: The objective of the present study was to investigate the effect of rheumatoid arthritis 
and functional loading through diet modification on the biochemical properties of the mandibular 
condyle in a transgenic mouse model and compare with healthy littermates.  
Design: Twenty three, 4-week old hybrid male mice were used. Eleven were of transgenic line hTNF 
197 (Tg 197- with rheumatoid arthritis-RA) and 12 healthy littermates, both from mixed background 
CBAxC57BL/6. Four groups of mice were formed. Group 1 [n=5, RA-hard] included transgenic mice 
and received ordinary (hard) diet; group 2 [n=6, RA-soft] included transgenic line and received soft 
diet; group 3 [n=6, Control-hard] were healthy littermates receiving ordinary (hard) diet and group 
4 [n=6, Control-soft] were healthy littermates with soft diet. Experimental period was 28 days. 
Following sacrifice, the mandibular condyles were subjected to micro-attenuated reflection Fourier 
transform infrared spectroscopy (micro-ATR FTIR) to reveal collagen/proteoglycan conformation of 
the condylar cartilage, while resin-embedded and metallographically polished specimens were 
evaluated through reflection FTIR microscopy to identify mineralization status of the corresponding 
condylar bone. 
Results: The multivariable analysis revealed significantly lower a-helix to amide I percentage area 
ratio for the transgenic animals after adjusting for diet (β=-4.29, 95%CIs: -8.52, -0.06; p=0.04). 
Mineral phase indices did not differ significantly between RA and control groups regardless the type 
of diet. 
Conclusions: Internal derangement of the anatomical structure with denaturation in the collagen 
structural components of the mandibular condyles of the RA animals was found, while no 
association with functional loading through diet modification was recorded. 
Keywords: mandibular condyle, rheumatoid arthritis, FTIR, biochemical, functional loading 
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1. Introduction 
The mandibular condyle has been considered a key functional element in the stomatognathic 
system, in human, primates and other inferior animal species. The head of the condyle, consists of a 
fibrous connective tissue layer, superior to the thin cartilage layer that is constantly contributing 
differentiating chondrocytes into osteoblasts responsible for bone formation during growth.1,2 The 
remainder of the tissue consists of subchondral/subcartilage bone which can be distinguished to 
the cortical envelope and the trabecular/ lamellar bone mass, representing the cancellous 
component.3 The mandibular condyle acts as a fulcrum and allows the mandible to perform 
translational and rotational movements, during mastication.4 
The range and intensity of masticatory loading may provoke macroscopic or microscopic alterations 
on the structural background of craniofacial bones.5,6 Induced modifications in functional loading by 
softening the ingredients of daily food consumption or suppression of biting capacity through the 
induction of constant disocclusion of teeth (trimming of incisors) have been well recognized as 
common epigenetic factors, contributing to reduced masticatory force levels being delivered to the 
temporomandibular joint (TMJ) and the mandibular condyles.7-9  
Research in the direction of collagen disorders (rheumatoid arthritis, osteogenesis imperfecta, 
Ehlers-Danlos syndrome, Stickler syndrome, Marfan syndrome) has shed light on the involvement 
of genetic factors in the bone/cartilage architectural alterations.10,11 Collagen represents the most 
abundant matrix protein, either as type I (bone) or type II (cartilage), and comprises three major 
polypeptide chains, resulting in fibril formation cross-linked to each other.12 Defects in collagen 
synthesis have been linked to reduced cortical bone mineral density, altered orientation of collagen 
fibrils resulting in more fragile bones and higher risk for fractures.13 More specifically, structural 
changes in the mandibular condyle, such as erosions and cyst formation, reduced thickness of 
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condylar cartilage, as well as decreased joint space, and flattening of the articular eminence and the 
condylar head and osteophytosis have been described in patients diagnosed with rheumatoid 
arthritis.14-16 In addition, a number of studies have investigated the effects of functional loading, 
through physical exercise on bone structure alterations in particular within patients suffering from 
rheumatoid arthritis; available evidence from major joints (hip, spine) highlights the potential of 
long term, high intensity activity programs to decelerate mineral bone loss.17,18 There is currently 
no evidence regarding the combined effect of functional loading and rheumatoid arthritis on the 
mandibular condyle. 
Therefore, the aim of the present study was to investigate the effect of rheumatoid arthritis and 
functional loading through diet modification on the biochemical properties of the mandibular 
condylar cartilage and bone in a transgenic mouse model relative to healthy littermates. The null 
hypothesis is that there is no difference in structure characterization (collagen integrity of cartilage 
and bone mineralization) of the mandibular condyle of the diseased animal models receiving either 
hard or soft diet as compared to healthy animals subjected to the same diet. 
2. Materials and Methods 
2.1 Animals 
Twenty three hybrid male mice were used. Eleven were of transgenic line hTNF 197 (Tg 197- with 
rheumatoid arthritis- RA) from mixed background CBAxC57BL/6 and the rest were healthy 
littermates CBAxC57BL/6. The sample was obtained from the Biomedical Sciences Research Center 
“Alexander Fleming” in Vari, Greece.19 The study protocol was approved by the Veterinary 
Directorate and received the protocol number 1401/07-03-2014, with registration number EL BIO 
005, according to the country’s legislation (P.D 56/2013), conforming to the European Directive 
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2010/63/EU on the protection of vertebrate animals used in experimental and other scientific 
purposes. 
Four groups of mice were formed. Group 1 [n=5, RA-hard] included transgenic (RA) mice receiving 
ordinary (hard) diet throughout the experimental period. Group 2 [n=6, RA-soft] included RA line 
receiving a soft diet. Group 3 [n=6, Control-hard] were healthy littermates receiving ordinary (hard) 
diet and Group 4 [n=6, Control-soft] again healthy littermates receiving a soft diet. The soft diet was 
produced by the same pellets used for the ordinary food after blending them with water in 
standardized proportions to achieve porridge like consistency.  
The 28th day of the animals’ age was determined as day 1 of the experiment. During the 
experimental period all the animals were fed and watered ad libitum and their physiologic growth 
and development was closely monitored. Experimental living conditions followed National and 
European legislation and standards, including cages (Tecniplast S.P.A., Italy) and environment with 
55% relative humidity, central ventilation (15 air changes/h), temperature of 20°C ± 2°C and 
artificial 12-h light-dark cycle. The total experimental period was set at 4 weeks. At the end of the 
experiment, the animals were sacrificed after being transiently anaesthetized in an ether chamber, 
the mandibles were separated from the heads and stored in 70% ethanol (right and left hemi-
mandibles with the condyles separately).           
2.2 Analysis of condylar cartilage 
The left mandibular condyles were pressed against a single reflection diamond reflective element of 
a micro-attenuated total reflection accessory (Golden-Gate; Specac, USA) attached to a Fourier 
transform infrared spectrometer (Spectrum GX FTIR; Perkin-Elmer, UK). Spectra were recorded 
under the following conditions: Deuterated triglycine sulphate detector (DTGS), 4000-600 cm-1 
range, 4 cm-1 resolution, 40 scans co-addition, 1 mm2 sampling area, ZnSe lenses. The depth of 
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analysis was estimated as to 2 μm, therefore limiting the analysis to condylar cartilage. Spectra 
were subjected to baseline and ATR corrections, and then curve-fitted (Lorentz area mode), 
employing the 2nd derivative peak method (1750-1550 cm-1 and 1400-900 cm-1 regions) using Peak-
Fit v4.12 software (SeaSolve Software, USA). The peak area ratios of the amide I secondary 
structure components relative to the entire amide I peak (1750-1550 cm-1 ) were calculated to 
assess the collagen state. Likewise, the peak ratios of proteoglycans (PG) to amide I peaks (1400-
900 cm-1) were recorded, to allow for evaluation of the relative carbohydrate concentration of the 
condylar cartilage.  
2.3 Analysis of condylar bone 
The condylar specimens were further embedded in epoxy resin in a direction parallel to the 
longitudinal axis of the condyle. The specimens were ground with 600-4000 grit size silicon carbide 
papers under water cooling for 2 min each, polished with alumina suspensions (MD-Nap; Buehler, 
USA) up to 1 μm for 3 min, in a grinding/polishing machine (Ecomet III, Buehler), and cleaned in an 
ultrasonic water bath for 5 min. Spectra were acquired from the subchondral bone area employing 
an FTIR microscope (AutoImage; Perkin-Elmer) attached to the FTIR spectrometer under the 
following conditions: mercury cadmium telluride detector (MCT), 2000- 650 cm-1 wave number 
range, 4 cm-1 resolution, 200 μm X200 μm  sampling window 128scans co-addition. All spectra were 
subjected to Kramers-Kroning transformation and baseline correction. The peak area ratios of the 
bone mineral component (PO4 ν1,ν3: 1200-900 cm
-1) to bone organic matrix (C=O v1 of R1-CONH-R2 
-amide I: 1650 cm-1) were used to calculate the mineral to matrix bone ratios (M).  Moreover, the 
mineral region (1150-950 cm-1) was subjected to Gaussian curve deconvolution using the Peak-Fit 
v4.12 software to assess the acid phosphate content (peak area ratios of the acid phosphate 
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component at 1116 cm-1 vs the entire phosphate peak) and the crystallinity (peak area ratios of 
deconvoluted components at 1030 vs 1020 cm-1).   
2.4 Statistical analysis                                                                                                                                                        
Descriptive statistics were used to present the results of this study. Univariable and multivariable 
linear regression was performed, in order to assess the effects of the disease (rheumatoid arthritis) 
and type of loading (hard diet/soft diet) (predictor variables) on the outcomes of interest (a-helix to 
amide I, PG to amide I ratios for the condylar cartilage and mineral to matrix ratio, acid phosphate 
content and crystallinity for the condylar bone). Standard errors (SE) were calculated using the 
bootstrap method with 500 replications. The level of significance was pre-specified at a=0.05. All 
statistical analyses were conducted with STATA® version 12.1 software (Stata Corporation, College 
Station, Texas, USA). 
3. Results  
3.1 Analysis of condylar cartilage 
Representative ATR-FTIR spectra from the condylar cartilage region for each testing group are 
illustrated in Figure 1. The peaks identified were assigned to COOH str (1740 cm-1), amide I (C=O str 
of NHCO at 1650 cm-1), amide II (N-H b and C-N str of NHCO at 1540 cm-1), C=O str and CH3/CH2 b 
(1460-1410 cm-1), amide III (C-N str and N-H b of NHCO at 1250 cm-1), C=O b (1150 cm-1), C-C str of 
polysaccharide ring (1100-1050 cm-1), C-OH str (1050-1000 cm-1), and C-O-S str (860 cm-1), where 
str and b the stretching and bending vibrations respectively.   
Deconvolution of amide I band (1700-1600 cm-1)  by peak fitting the second derivative spectra 
(Figure 2), revealed seven separate subpeaks associated with collagen secondary structure 
configurations, within the following regions: 1697-1695 cm-1 (turns), 1684-1682 cm-1 (β-sheets), 
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1671-1666 cm-1 (a-helix), 1650-1647 cm-1 (random coils), 1637-1631cm-1 (β-sheet), 1623-1620 cm-1 
(unordered/unrecognized structure). Secondary peaks residing in lower frequencies than the 
original 1671-1666 cm-1 and within the a-helix region (1662-1660 cm-1) were frequently identified in 
the control groups. Also, sporadically identified peaks were those of 1612-1606 cm-1 and 1601-1593 
cm-1.  
Second derivative fitted spectra of amide III region  (Figure 3) revealed characteristic subpeaks at 
1287-1282 cm-1 (β-turns), 1264-1257 cm-1 (random coils/unordered structure), 1241-1234 cm-1 (β-
sheets) and 1204-1200 cm-1 (S-O). Beta-sheets within the amide III region was the most prominent 
secondary structure identified in both RA and control specimens, whereas the band assigned to 
unordered structure at 1264-1257 cm-1 was absent in 1/3 of the control specimens.  
Similarly, for the PG region, identifiable peaks were observed at 1085-1077 cm1, 1048-1042 cm-1, 
1035-1025 cm-1 and 1016-1010 cm-1, all related to carbohydrate vibration bands and resulting from 
pyranose ring vibrations; the first were assigned to C-C stretching vibrations of the polysaccharide 
ring, while the rest to C-OH stretching vibrations. Secondary peaks at 1064-1059 cm-1 related to 
polysaccharide ring vibrations were scarcely observed both in RA (n=2) and control groups (n=3). 
The results of the descriptive statistics for a-helix (1671-1660cm-1) to amide I and PG to amide I ratios are 
presented in Table 1. The percentage peak area ratio of a-helix (combined areas of 1671-1666 cm-1 
and 1662-1660 cm-1) to the entire amide I peak area was significantly lower for the RA animals, 
compared to control in the multivariable model and after adjusting for diet (RA vs Control: β=-4.29, 
95%CIs: -8.52, -0.06; p=0.04), whereas the percentage PG (most intense peak assigned to C-OH) to 
amide I ratio did not present significant differences between the groups (RA vs Control: β=-0.74, 
95%CIs: -21.18, 19.69; p=0.94).  All other differences with respect to type of diet were not 
statistically significant (p>0.05) (Table 2). 
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3.2 Analysis of condylar bone 
Figure 4 demonstrates FTIRM spectra from the condylar bone of representative specimens per 
group. The peaks identified were assigned to amide I (C=O str of NHCO at 1650 cm-1), amide II (N-H 
b and C-N str of NHCO at 1540 cm-1), C=O str of α-CO3  and CH3/CH2 b (1450 cm
-1), C=O str of β-CO3  
and CH3/CH2 b,  amide III (C-N str and N-H b of NHCO at 1250 cm
-1), C=O b (1150 cm-1), P-O str of 
PO4 (1024 cm
-1) and β-CO3 str (875 cm
-1), where str and b the stretching and bending vibrations 
respectively.  FTIRM peak fitting of the phosphate region (1150-950 cm-1) based on Gaussian 
deconvolution is represented in Figure 5.  
The results of the descriptive statistics for the mineral to matrix ratio (M) are presented in Table 3. 
The condylar bone did not reveal significant differences among the diseased and the control 
animals in the multivariable model after adjusting for diet with respect to mineral to matrix ratio 
(RA vs Control: β=1.22, 95%CIs: -0.44, 2.88; p=0.15). In addition, differential dietary loading did not 
reveal a significant effect on the M ratio (soft vs hard: β=0.24, 95%CIs: -1.50, 1.98; p=0.79). The 
results for the acid phosphate content and crystallinity are summarized in Table 3, as well. No 
statistically significant differences were found between RA and control groups as well, after 
adjusting for diet for either acid phosphate content (RA vs Control: β=-0.001, 95%CIs: -0.009, 0.008; 
p=0.84), or crystallinity (RA vs Control: β= 0.05, 95%CIs: -0.09, 0.20; p=0.46). Again, acid phosphate 
content (soft vs hard: β=0.003, 95%CIs: -0.005, 0.012; p=0.45) and crystallinity (soft vs hard: β=0.07, 
95%CIs: -0.07, 0.21; p=0.32) were not influenced from the effect of diet (Table 4). 
4. Discussion 
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In this study, the effects of rheumatoid arthritis and functional loading on the structure 
configuration of the mandibular condylar cartilage/ bone were examined employing FTIR 
spectroscopy, a technique widely used for the characterization and analysis of bone and cartilage.20  
Two surface FTIR techniques were employed: Micro-ATR for the analysis of the outer condylar 
cartilage surface on intact specimens and reflection FTIR microscopy for the analysis of the condylar 
bone in sectioned specimens. The results from the FTIR technique revealed evidence of 
denaturation of the collagen secondary structure in both RA groups, thus leading to rejection of the 
null hypothesis regarding the effect of rheumatoid arthritis. However, this was not the case for 
functional loading. Collagen type II and proteoglycan represent the main extracellular matrix 
components of the condylar cartilage, with collagen forming a triple-helix structure and being 
responsible for the tissue’s mechanical  properties.21 Amide I band, residing between 1700cm-1 and 
1600cm-1 is mainly related to C=O stretching vibration and is the most commonly assessed region in 
studies of collagen structural integrity.22 
Spectra deconvolution has revealed an array of Amide I band components. Curve-fitting technique 
through the 2nd derivative spectra was selected on the basis of decoding the overlapping 
absorbance bands from raw spectra, offering increased specificity in identifying subpeak attributes 
to protein secondary structure nature. The relative decrease identified for the a-helix/amide I 
percentage area ratio in the transgenic animals is presumably associated with denaturation of the 
a-helix structure.  A-helix structure is the most prominent secondary structure in proteins, 
providing integrity in the collagen backbone through hydrogen bonds between N-H and C=O groups 
of amino acids.23 Denaturation is associated with disruption of the hydrogen bonds and unfolding of 
the collagen backbone into a random unordered peptide shape. Identification of separate bands of 
increased intensity close to the low frequency region of amide I and within 1601-1593 cm-1 and 
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1612-1606 cm-1, for the RA animals may provide further evidence of denaturation of the collagen 
helix into unordered and unrecognized structures as a result of the disease.  
Deconvolution of spectra within the amide III region showed no differences between the RA and 
control groups. However, absorption bands in this region appeared complex including collagen 
components along with PG interferences (S-O of sulfate stretching vibrations).  
Previous research on the determination of the PG content of the articular cartilage has identified 
the region of ~1060cm
-1 as the most promising for detecting C-O stretching vibrations of the PG 
matrix within the collagen network,24,25 while others have attributed the characteristic shoulder at 
~1060cm
-1 to the νs(SO3
-) stretching vibrations of the glycosaminoglycans (GAG).26,27 In the present 
study, spectra deconvolution in the PG region (1140-900cm-1), failed to identify a single specific 
peak component related to carbohydrate vibration bands. Variability across specimens was 
detected with regard to the location of the most intense band peak. Potential degradation of the 
PG and carbohydrate breakdown might have been masked by simultaneous amide I degradation 
sequences as a result of the collagen disease. Alternatively, this finding might have been related to 
minimal amounts of PG destruction from the surface layers of the mandibular condyles. 
The results from the analysis of the bone specimens did not reveal evidence of compromised 
mineral phase of the subchondral bone for the RA groups, as was the case with the apparent 
collagen derangement detected for the overlying mandibular cartilage. The relative nature of the 
outcome measure used to quantify the mineral content of the specimens which could have been 
influenced by a simultaneous fluctuation of the collagen matrix content might pose skepticism on 
the explanation of the results. Furthermore, the comparable to control mineral-to-matrix (M) ratios 
achieved by the RA groups may reflect an increased remodeling status of their underlying condylar 
bone as a result of an internal defense mechanism to counteract the initial and progressive 
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cartilage and synovial membrane inflammation of the mandibular condyle. In a similar study, a 
comparison of trauma specimens from osteoporotic femoral bone fractures in women with control 
subjects has not revealed any differences in the mineral-to-matrix ratios as well (p=0.11).28 
Analogous research in tissue specimens of long bones from osteoporosis29 or experimental arthritis 
and osteogenesis imperfecta models/patients, using FTIR or Raman spectroscopy are in agreement 
regarding the non-compromised mineral bone phase in the diseased state.30,31 It has been 
suggested that matrix proteoglycans are capable of regulating hydroxyapatite formation and 
nucleation;32 apparently, the minimal amounts of PG destruction in all groups as identified in the 
overlying condylar cartilage in the present study may denote a similar condition taking place in the 
closely related subcartilage bone. Lastly, a potential limited power of the study to identify small 
effect size differences between the testing groups due to the relative small sample size cannot be 
overseen. However, the use of the bootstrap method with 500 replications built-in the regression 
model for the statistical analysis of the data may have accounted for that.  
Owing to the lack of a similar study in the literature on the biochemical properties and structure 
characterization of the mandibular condyle/cartilage under rheumatoid arthritis and modified 
functional loading, no direct comparison was possible with findings of other investigations. Thus the 
absence of effect of functional loading noted on alterations in the collagen structure or the 
biochemical properties of the mandibular condyle, at least within the period studied, cannot be 
discussed in detail. In as much, extrapolation of the results of the present study to humans and 
clinical research may constitute an inherent limitation; however, the selection of the transgenic 
model over induced arthritis models has postulated significant advantages.33 The animal models 
used in this study were human- Tumor Necrosis Factor transgenic mice (hTNF-Tg), carrying a 
mutation in the 3’- hTNF gene, which resulted in a chronic over-expression of the modified hTNF 
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mRNA. Following, the transgenic strain developed progressive polyarthritis comparable to human 
rheumatoid arthritis, with complete phenotypic penetrance and temporomandibular joints 
symmetrically affected.19 
5. Conclusion 
In conclusion the present study has highlighted the significant role of rheumatoid arthritis on the 
disruption of the collagen structure of the mandibular condylar cartilage, while there was no 
evident effect of the disease on the mineral content of the subcartilage bone tissue.   
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Figure Captions 
Figure 1.  Representative ATR-FTIR spectra of the treatment groups (absorbance scale, 2000-650 
cm-1 region). X-axis represents wavenumbers (cm-1) and y-axis denotes absorption. 
Figure 2.  ATR-FTIR peak fitting of the amide I region (1750-1550 cm-1) based on the 2nd derivative. 
X-axis represents wavenumbers (cm-1) and y-axis denotes absorption. 
Figure 3.  ATR-FTIR peak fitting of the amide III region and PG region (1400-900 cm-1) based on the 
2nd derivative. X-axis represents wavenumbers (cm-1) and y-axis denotes absorption. 
Figure 4. Representative FTIRM spectra of the treatment groups (absorbance scale, 2000-650 cm-1 
region). X-axis represents wavenumbers (cm-1) and y-axis denotes absorption. 
Figure 5. FTIRM peak fitting of the phosphate region (1150-950 cm-1) based on Gaussian 
deconvolution. X-axis represents wavenumbers (cm-1) and y-axis denotes absorption. 
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Table 1. Descriptive statistics for a-helix to amide I and proteoglycan (PG) to amide I ratios of cartilage specimens across groups. 
 
 Control-hard Control-soft RA-hard RA-soft 
 a-helix / amide I ratio 
Median 19.82 17.14 15.21 13.59 
Interquantile Range (IQR) 12.58 10.77 2.08 1.04 
Min-Max 13.97-27.18 14.67-27.45 13.54-25.19 12.43-23.99 
  PG / amide I ratio 
Median 50.50 60.00 65.00 53.00 
Interquantile Range (IQR) 12.00 50.00 37.00 22.00 
Min-Max 33.00-79.00 32.00-100.00 41.00-87.00 34.00-76.00 
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Table 2. Univariable and multivariable linear regression with observed coefficients in % and 95% confidence Intervals (CIs), for a-helix(1671-1660cm-1) to 
amide I and PG to amide I ratios. Standard errors (SE) were calculated using the bootstrap method with 500 replications.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Category Univariable Analysis Multivariable Analysis 
  Observed 
coefficient 
(β) 
95% CI p-value Observed 
coefficient 
(β) 
95% CI p-value 
 
 a-helix(1671-1660cm-1) to amide I ratios   
Disease  No (control) Reference   Reference   
 Yes (rheumatoid arthritis-
RA) 
-4.36 -8.42, -0.31 0.03 -4.29 -8.52, -0.06 0.04 
Diet Hard (standard) Reference   Reference   
 Soft -1.18 -5.95, 3.59 0.63 -0.79 -5.40, 3.82 0.74 
Interaction term (disease*diet) is non-significant, p=0.78 
 
PG to amide I ratios  
Disease  No (control) Reference   Reference   
 Yes (rheumatoid arthritis-
RA) 
-0.27 -18.44, 17.90 0.98 -0.74 -21.18, 19.69 0.94 
Diet Hard (standard) Reference   Reference   
 Soft 3.14 -15.04, 21.31 0.74 3.24 -17.24, 23.73 0.76 
Interaction term (disease*diet) is non-significant, p=0.17 
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Table 3. Descriptive statistics for the mineral-to-matrix (M), acid phosphate content and crystallinity of bone specimens across groups. 
 
 Control-hard Control-soft RA-hard RA-soft 
 Mineral / matrix ratio (M) 
Median 5.79 5.55 7.74 6.18 
Interquantile Range (IQR) 0.78 1.83 0.33 5.35 
Min-Max 5.16-6.49 4.13-11.31 6.35-8.02 4.60-10.66 
                                                                      Acid-phosphate / total phosphate ratio  
Median 0.043 0.051 0.052 0.046 
Interquantile Range (IQR) 0.004 0.007 0.004 0.016 
Min-Max 0.041-0.049 0.046-0.079 0.046-0.059 0.037-0.058 
 Phosphate Crystallinity 
Median 1.88 1.91 1.98 2.03 
Interquantile Range (IQR) 0.06 0.11 0.21 0.21 
Min-Max 1.78-2.03 1.87-2.08 1.78-2.07 1.60-2.30 
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Table 4. Univariable and multivariable linear regression with observed coefficients in % and 95% confidence Intervals (CIs), for mineral-to-matrix (MM) ratios, 
acid phosphate content (acid-phosphate/total phosphate ratio) and mineral crystallinity (1030/1020 cm-1) from the subchondral bone region. Standard errors 
(SE) were calculated using the bootstrap method with 500 replications. 
 
 
 
 Category Univariable Analysis Multivariable Analysis 
  Observed 
coefficient 
(β) 
95% CI p-value Observed 
coefficient 
(β) 
95% CI p-value 
Mineral to matrix ratios (M) 
Disease  No (control) Reference   Reference   
 Yes (rheumatoid 
arthritis-RA) 
1.22 -0.41, 2.85 0.14 1.22 -0.44, 2.88 0.15 
Diet Hard (standard) Reference   Reference   
 Soft 0.24 -1.55, 2.02 0.80 0.24 -1.50, 1.98 0.79 
Interaction term (disease*diet) is non-significant, p=0.65 
Acid phosphate content 
Disease  No (control) Reference   Reference   
 Yes (rheumatoid 
arthritis-RA) 
-0.001 -0.009, 0.007 0.84 -0.001 -0.009, 0.008 0.84 
Diet Hard (standard) Reference   Reference   
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 Soft 0.003 -0.005, 0.011 0.42 0.003 -0.005, 0.012 0.45 
Interaction term (disease*diet) is non-significant, p=0.06 
 
Mineral Crystallinity (1030/1020 cm-1) 
Disease  No (control) Reference   Reference   
 Yes (rheumatoid 
arthritis-RA) 
0.05 -0.09, 0.19 0.45 0.05 -0.09, 0.20 0.46 
Diet Hard (standard) Reference   Reference   
 Soft 0.07 -0.07, 0.20 0.31 0.07 -0.07, 0.21 0.32 
Interaction term (disease*diet) is non-significant, p=0.74 
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